BEBEDO—ENFIEORE
(#) KRFEHTL RBRELV & — SEES

HELEIBMOFEE»OBEEEOSFICEDY, TR THEINSHS IME
THomD% GC R HPLC * AVWT RN IN— TGN T D2HFE~EET 5K
HEWEDE., FO#%, RAMN—_RAXEEMEBEORARLKLEBEREEEKEN
SBHLEOT, FEORETIBRBELLHRAILTRRICHE L TRREEZIE
ML, AEBBOSTHB - TETDIFRAICLEVWEE X, LG —FSHE
ORFBEICEMVMATL. O, SERAEEEFLRESEHFRERELLOT, BE
AW EME (SFE), YAVEBZEZ7u~ S 77 40— (GPC), FEEMHMBHI =
A, I 27w T s HPLC, GCMS, LCMS 72 K L RRIEBICEH D ANT, T&E
ZHEORELI MG LT EIRI )V —= 7RBEOHERERZBELE. UTICFR
TINLORFLEFER, SEBREEREEE~RST 7V X MRIPEAS
NEBEI, DEORSNFELZEATILDOERERERMIIRDILEEZI LN
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1) HPLCZ L 2 ERY P ERERERCEORBMY O —F otk

HPLC TLBEETERVARE, GCTT7T -V VIR nMEE_TEE, BK
HTRFOERME TIHER SIS B BEERIIODWVWTHRSLE., KX b
N—R2AMNEBREL L THEAREOBVWEX - REFOLEBXRERNEEZ T
= hUNANTHE, TAHVHEREKTEFRERML, SAX+PSA I =0 7 AICA
L, 515 50% 72 b /~FH U THEHBHLE. ERSOS O HBEIC
DOWNWTE, 7r A= TsExBML, EFRREMK % HPLC(UV, FL) THIE
L,PDA X TXGC/MS THeFR L 7=.

AKETREI T LADLOBEHEEZDE L TRAIETSZ dicdky, ARebdbon£<
DHEWRTCEELDBIY, BEOBREABFZIC T2 L8k, €5 T,
BMARXFOLEREANEI»BEBREICRAET2ENER, REHEERNH VLN
GC GV HHERILDE=F YV ITRERLEOMBEH LEINDBLTHSEBE
OREMNFIRE L 72 o T V.

2) SFE R U'GC,HPLC L K 2 BEWHT BB B EOE R iy —F ik

BEH 71 BE % SFE THIH L, Extrelut + Co THRIE®, GPCE U7 o Y Y3
=7 ALATHE L, HPLC(UV, FL), GC (FPD, FTD, ECD), GC/MS (SIM) T— & &3 #7
THHEEER L. THRET/IHEIZ02 - 05 ppm HmIM LA E & ORI KT,
TxrFAy, PIZaABRR, VRAFAELCERR, FaRNEIATEROTERE
THolz., RECIVBANIEREFRINVEoa T O2OWTOBREEERAE S



TWv, ZEBRHBICLIBRBERVEEOESLS R LEE. £/, X - 2%
FTRBREELRENRNY v~ CTH/K% SFE T L, Extrelut + CeLEBE 7o ) ¥
v+ PSAI =7 LATHREL, HPLC(PDA) CRIE T2 —F o2 ER L 1.
P, SFEICIAMELEINTWVEAKSDODZEVHFE - EECHWVTEH, ZBERY
v —ThHhOMNPUDBMAKMETDZ LiIcky, BREREICSFE THE L —X0OWF
TBHZ LN .

3) HPLC, LCMSIZ X B N-AF N HNANRX— FREERERFORHY DO RS
#r

BEHFDONAFAINNRA—- FNZEBEDNBRIEINLORE Y 2B 25
BHHL, 78 b= M) AM/~FH U HEEVONLI =07 ATHERE, Xk
BT ALARIGENXRSE HPLC TR LZ. KIETIREESREE S KEICL
i, AEBETIRBEILICER > TWE HPLC &2 %— L. BRHEBFIIRHE
FOBETRET 001 ppm Th oz, Fio, HERDOZVHEE CIBERIC
ENVI-Cab R L, W Z L1060 HZME L, LC/MS TR, EE&T 5 FHik
RS LT, £EDICOWTHPLC & LCMSIZ £V BIE L7 EEE R4 7248
BMEZRLE. RETREFRRRETERIL TWE Y 7 om 2 & 28R
TBHHEE LY.

4) LCMS I LB~ A7 F U REFEBERERCEORBY DO —F ik

~7uaY A7 Vv I TN REEMTHIIAIF U REBEEBREL L
DR/ EMEE (68 YTIBERLUOT RATF o, A XNV RATF L 2
NA_RRATF o 2T M THEL, Ce =07 ATHERE%E, LCMS(SIM) THIE
TOHMER—FoWNELER L. RETEIBEREOE S, LCMS HIlE F4F
DEBEEESMICHRNLEZ. LEE, KR, KIZ01-05ppmBEMLE L E 0D
FWRLE, ZDOTRNRIF L, IARITFLUNTIL - 1209% TH - 7-.
BECBELTOWTNNOBEIILEBEYHREASICEDIAF U HEIBA LN
DT, ThHODHERZLIIK EOBEREMETEETILEND 7. Wk
DEFRRBRETRE ALY A F U HITHEAFHEEK(LEE, HPLC(FL) THRIE ¥
ZHEELRSTWED, HAFEFRLERIRKOBEICLY RKELEHT I Z
EREBHICED SR IZBREPVLBLT IR EERRENEHE L 2> T
ARETR A7 FUEEFTERT I L, MELEREESE LCMS T
— XM TIEEODRB kRS L ™.

S)AF 7y 7RIGCMSMS ICEDEBREDPTERELSILVOKRERERAE
TE, PEFERZCICEREZ FRIZ2BEOBREERER KR LBA LMY,

BEELSNVIBTI2REEREREOEEMS AWML TS, ZhETE

HEPMMBEOVEBEOFICEX, GCHERICRA~Y N v 7 20BEICLD EHX, &
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¥ UBETIHETAZANT PABELNRDI D, BEOREY ERIZIT) Z &0 HE
kB2, ZOBEFECIISMELIVESREZLELTLILD, EEORKVEFED
BECEELTWRZY, INOLOMBEYMRI DD, A F 7 v 7R
GCMSMS ZRFWTZORBEORE X - T-. |
BRTORMEDOT-O GC OB RELHERTZ, LH2HAHAZ L, IZO2NAF
I,RE, v U EEARIBREARAE LEERREKIC, AHY VR0 7 an
B YRR ROEBEFR RO BHC, DDT, DDE, 7/V KV v, F 4 KUY % 001 -
0.125 u g/ml (= > KU X002 - 025 ¢ g/ml) &L, GC/MSMS D 8l E &%
REL, BREICHETIZENTERL. 2, FBLAREBERIC F Y U »
002 1 g/ml, TNLUANDOBEBEN 001 v gmlicZ DL HEMLIZEZ A, 612 -
1383%EI ENT. TR L, RUHHAE XSS EEELX BV I 2 Y
VERRAR, BA~Y M) v 7 ROEEAZ TR T WAMEHBRTOREEFHE R
ZFEEOBER LT, AF b7y 7RGCMSMSBELTWAH I EEHL
ML, AEREMTREEAERBEOREMLELICEMRCE2580FARLS
Eo—DEEBEI LN,

6) BIEMF 14 EEEBREX 7V —=r I/ aicfb s RBREEFEMO RS
ERNOIEEREBRBRUZIRER REELVZF -2, BEOHTO
10 BEEORBER ) —=Vv I/ OMICBOLIRREETMmMEIT o=, FME
BIImRETRE - TETRE, NEEEFMELTA4ED~ORMEINAR
(BEIEONAZE D, BX, £BVWDL T EREI>ILAZ L), S BEETME
LTSEH~DT 74 FARAT7RAR (HERIEFOINAE D, AN — K,
HHRNLD, E7ayal)— EEREIBLAIL) EE2ITo. IMEEDOE
EIZBALT, GCORETRERVRMEINENLL, BIEHF BTS2 —FERE
AT Y ==V I REL RARTHDIEBILONDI b LD 2o, 774
FARLSZ7ERIECBWTRENYWOEREAREIRLE L, 5EHICTONTHEE
HEFEBEELZRMLULTITo%. 48X 8% UL LELOEETELILRELTEY,
IHNODOBEREHENE=F Y VIR EFOIEMBHEEIN. LrL, BE
DRHDEBOHEMBILZ, HEIZL-T65-100%EERAERD--. £/, 8F X
NTWVWRWEBEEABRELEERHELLCHEER, 5EHORRTISEEOBRES
LIRS L — AT, €<BREOLVWEBEL -, ZO L) MEHE
DB TERTBREX IV =V IEEKBICR»PBRYVOBEOLDZ NS
MRz, REHEOCOEBREOEEEKREMERGORBIZOWT, DT ORBES
fE2fT o7 DIFHOTORLTHY, SH%ELBEREZESIHLTIDL
IRRBREARBRIIBENIILINDIRETHDI EELNE .
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Method I Method I Method II1
Sample 20 g . Sample 20 g Sample 20 g+CH; COONa 5 g
|+ CHyCN 50 mLx2 | +CH,CN 50 mLx2 | +CHiCN 50 mL x2
homogenize ] homogenize | homogenize
filter ‘ filter ( filter
| ‘ 7 i 1
F'th{rate Resﬁdue Filtrate Residue Filt‘rate Residue
! fill up to 100 mL ( fill up to 100 mL : ' fill up to 100 mL
Take 50 mL Take 50 mL Take 50 mL
+NaCli5g +NaCl 5g +NaCl5 g
+'™Na,HPO, 10 mL -+5*Na,HPO, 10 mL +52Na,HPO, 10 mL
shake shake shake
CHLCN Aq. l]ayer CH,CN Aq. {ayer CH,.CN Aq. }ayer
+NapS0,5¢ +NaSO;, 5¢g +Na,SOs 5g
shake shake shake
CH;CN CH,CN CH.CN
dry up dry up dry up
+@50% A/H 20 mL i +®15% A/H 20 mL +®5% A/H 20 mL
Bond Elut SAX +PSA Bond Elut SAX+PSA Sep-Pak Florisil+Bond Elut SAX+PSA
o +@®@15% A/H 20 mL
dry up @ ;?Zgy&)Aé)H 20 mi +@50% A/H 20 mL
+CH,CN 2 mL +CH,CN ’2 L dryup O, @ &
+CHSCN 5 mL
UV-and FL-HPLC UV- and FL-HPLC UV- and FL-HPLC
{Tomato, Grape) (Apple, Banana) (Orange, Lemon, Grapefruit)

Scheme 1. Preparation of tests solution for pesticide analysis by HPLC
* A/H: acetone/hexane

2 ) FEFRRAMHER O HPLC i< £ 28380 Cereal 5 g
St 3 = 1
16 EEREDO—EDTEoRET sre
Extrelut® 3+ Sep-Pak® Cyg
' CHsCN 20 mL
Dry up
| 509 EA/CH 4 mL
GPC (Injection volume: 2 mL)
A CI Vu [10°C) Sep-Pak“" Florisil
Extraction Tube D15% E/H 20 mL
(10ml) ®50% E/H 20 mL
Back Pressure @50% A/H 20 mL

Regulator Test solution
L (Isopropanol: 1 mL)

I |
HPLC GC GC/MS

Silicon (UV, FL) (FPD, FTD, ECD)  (TIC, SIM)

lubber pluglﬁﬂ /'

Extrelut® 3

Scheme 1. Procedure of multiresidue analysis
of pesticides in cereals

' Fig. 3. SFE instrument EA: ethyl acetate, CH: cyclohexane, E:

ether, H: hexane, A: acetone

Modifier
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Table 4. Recovery (%) of NMC Added to Citrus Fruits*!
Lemon Orange Grapefruit
Name

Average SD Average SD Average SD

1 Butocarboxim sulfoxide (B1) 6.5 1.4 68.9 8.0 ND —
2 Aldicarb sulfoxide (Al) 66.3 0.9 87.6 6.0 74.0 5.2
3 Butoxycarboxim (B2) 88.0 116 87.8 8.3 76.6 5.0
4  Aldicarb sulfone (A2) 70.7 2.8 80.4 1.9 71.5 8.4
5 Ozxamyl 73.4 6.7 82.8 8.6 76.3 3.1
6 Methomyl 70.5 1.2 779 1.8 15.1 26.2
7  Ethiofencarb sulfone (E2) 92.6 13.4 81.2 4.8 80.0 4.9
8 Ethiofencarb sulfoxide (E1) 67.2 6.4 78.8 13.0 60.2 4.1
9 Thiofanox sulfoxide (T1) 71.1 77 782 3.0 749 2.7
10  Thiofanox sulfone (T2) 78.4% 16 60.1 5.2 73.8 1.5
11 Methiocarb sulfoxide (M1) 97.8 128 789 5.8 8438 39
12 3-Hydroxycarbofuran 81.0 28 83.3 8.9 88.3 10

13 Methiocarb sulfone (M2) 82.7 4.6 72.9 5.4 ND —
14 Butocarboxim (BO) 72.2 14.9 50.7 189 55.6 16.8
(Bl) (NDy* (=) {10.2) {1.3) (ND) =

15 Aldicarb (A0) 86.9 15.7 68.4 10.4 64.8 14.0
(A1) (4.5) (7.8) (16.4) (10.6) (14.6) (14.1)

16 Metolcarb (MTMC) 80.8 1.6 76.9 2.0 76.2 1.2

i7  Aminocard ND — 79.3 6.8 ND —
18 Propoxur (PHC) 80.0 0.5 74.2 0.6 80.3 4.7
19 Bendiocarb 95.9 10.1 74.3 6.0 87.5 4.6
20 Carbofuran 80.4 5.9 822 5.1 83.8 4.6
21  Carbaryl (NAC) 88.2 10.3 69.2 8.0 72.0 4.2
2 Xylylcarb (MPMC) 82.1 7.9 82.2 4.0 76.8 3.6
23  Ethiofencarb (E0) 57.0 36 24.6 7.5 65.8 3.1
(ED) (7.2) (1.7) (37.0) (4.9) (6.0) (0.9)

24  XMC 77.1 27.2 69.4 6.7 60.5 1.7

25  Thiofanox (T0) 514 78 87.9 3.9 (ND) (=
(T1) (13.0) (3.4) (8.2) (1.6) (8.3) (2.2)

26  Thiodicarb 48.5 11.0 65.3 7.4 77.5 6.7
(Methornyl) (2.2) (0.7 (2.2) (0.2) (1.8) (0.2)

27  Isoprocarb (MIPC) 75.7 4.1 85.0 2.1 ND -
28  2,3,5-Trimethacarb 732 04 76.3 3.6 72.2 4.4
29  34,5-Trimethacarb 81.5 10.9 69.6 6.1 93.3 8.7
30 Fenobucarb (BPMC) 756 3.9 83.5 5.9 150.2 6.5
31  Methiocarb (M0) 68.7 04 62.5 4.6 84.3 4.6

(M1) (ND) [} (ND) (=) (ND) —

32 Promecarb 958 10.5 704 1.8 73.0 0.9
33 Mezxacarbate 40.6 8.7 86.0 8.3 65.1 2.8

Number of NMCs with recovery of 22/33 33/33 16/33
more than 60% in HPLC
Number of NMCs with recovery of 29/33 33/33 26/33

more than 60% in HPLC and LC/MS

1

Fortification level was 0.5 ppm for thiofanox, and 0.1 ppm for the other NMCs.

*2 Underlined values were obtained by LC/MS because the peak of NMC was overlapped by interfering peak(s) in HPLC.

*3

Some NMCs were metabolized during the analytical procedure (recoveries are shown in parentheses).
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Journal of Health Science, 50(1) 17-24 (2004)

Simultaneous Determination of Emamectin, its

Metabolites, Milbemectin, lvermectin and
Abamectin in Tomato, Japanese Radish

and Tea by LC/MS

Table 2. Retention Time, Ion Peaks, Calibration Curve and Detection Limits of Target Chemicals
Target compounds RT miz linearity of calibration curve | detection Limits?) (ng/ml)
(min) R? Value (range, pg/ml) LC/MS FL
724)
Amino 11.36 8 ™) 0.9955 (0.05-0.5) 02 0.2
8§94 (M-—H+Na)
886%)
Emamectin B, 11.70 86 (M) 0.9999 (0.05-1.0) 0.2 02
908 (M—H+Na)
a)
8,9-Z isomer 12.18 886 M) 1.000 (0.05-1.0) 0.2 02
908 (M—H+Na)
FA 11.81 9224) (M—H+Na) 0.9972 (0.05-0.5) 02 02
MFA 12.63 9364 (M~H+Na) 0.9980 (0.05-1.0) 0.5 0.3
Abamection 12.45 8954 (M) 0.9798 (0.05-0.5) 0.2 0.5
Ivermectin 14.38 8979 (M~H-+Na) 0.9821 (0.05-1.0) 0.2 0.5
Milbemectin As 12.56 551%) (M—~H+Na) 0.9793 (0.05-1.0) 0.2 0.5
Milbemectin Ay 13.28 5654 (M—~H+Na) 0.9889 (0.05-1.0) 0.1 0.5

a) The valves with single asterisk are targer ion peaks for LC/MS measurement. b) Detection limits are provided as S/IN> 3.

ino
M fe—ie Added  wan
| !
Emamectin 8,
N ‘,/
}
, |
m/z=886 \ m/2=886
- - |
/FA
m/z=922 . ; m/z=922
MER
m/2=936 m/z=936
Abamectin
m/2=895 N N m/2=895
Ivermectin
m/2=897 z=897
Milbemectin A,
m/2=551 /W< m/z=551
Milbemectin A,
m/2=565 J A//\( m/ 2=565
llll\_lllllLulﬁ!JlllllMlHlulu_;ulI!IHl1IJIIl!llﬂLlllJJ'Llllllu‘lplll!lllIlILII!llLL!_lIl!!L\lJ ] 4 { I i)
11 12 - 13 14 15 1l 12 13 14 15

Retention Time (min) Retention Time (min)

Fig. 4. Typical Mass Chromatograms of Tormato

~15—



5) 4 4 v b5 v 7E GC/MS/MS Ic & 5 BEEVIN (RIRE L ~ L OB BT

ESFOERE

BERORRARPICEREICSET 3700 EY F 2P
ERIERZRBED GC/MS/MS it £ 3 EBHICH>WTH
L. 805, BHINAED, BEEEBLIUES S
ACLRBAKICs o Y s 2001 ug/mL, L%,
-0 YRBLUBESRRBERICT Y VY »530.02 ug/
mL, FNLAOERERREIEN 001 ug/mL K83 &
STimaL, RBELZ GC/MS,/MS TEERLK, 08
R, Table 3 ITRT X5, sFhbiamBioxwL T
61.2~1383% WA Ehiz. TDT Emd, HBITLAE
BECI2EBHOEBEIZ : SBYMEET AEBRAKD
KBWTHBIFIRERTEZ 3 T EMELLITKE - 7.

= & B ‘

AKAFICLYD, ARBEENTW3GC/MSTRERT b
J oy I ROPGEIC L > CTHEPRE T - 72 12FBHOE
Eps, GC/MS/MS 2HWB I &tk » T b IEREICERE
BLUERBTEL. ZOolEd»n, GC/MS/MS 2HES
FOTTRENBEREICRESN TVWABESZIUHRK
FOESKERTMNY v 7 2DIFEICL > TGC/MS T
FRESRELBECRAECHICHEL Ty, BRMOE
HREREOBEMLLER X2 ERTRBED 1 ©
THHIEMFLMTE N,

AR, Tk 4 FEEEFHHRERRERDS (B
EFBREFIHRES) [SEEEREHARLTORE
BYEO—EATORMRECET IWE] o—RELTIT-
2.

GC/MS/MS

Chlospyrifos

(m/z 286) /

B,r-8HC
{(m/z 183) /1 / SEHC
e-BHC - l
]
(m/z 193) Aldrin Dieldrin Endrin
e
z AR
E i 1L L R il
g {m/z 165) 0007 p.o-DDT
- i p,p’-0DD
{m/z 176} p.p’-DOE
10 20 30 40

Table 2. Detection Limits of MS for 12 Kinds of
Pesticides in Matrix of Spinach or Green Tea by
GC/MS/MS-Scan and GC/MS-Scan Analysis

Detection limit of each

Matrix Pesticide pesticide in matrix (zg/mL)
added
GC/MS/MS-Scan  GC/MS-Scan

Spinach Chiorpyrifos 0.01 0.2
a-BHC 0.01 1.0
A-BHC 0.01 1.0
r-BHC .01 1.0
4-BHC 0.01 1.0
Aldrin 0.01 1.0

Green tea Dieldrin 0.01 1.0
Endrin 0.02 2.0
p.p-DDD 0.01 1.0
0,p’-DDT 0.01 3.0
2.p'-DDT 0.01 1.0
p.p-DDE 0.01 0.1

Matrices were extracted from spinach and green tea by
the standard method. Chlorpyrifos was added to the
matirix of spinach {4 g/mL), and the concentration was-
adjusted to 0.01, 0.04, 0.2, 0.4 and 2.0 ug/mL. Aldrin,
dieldrin, endrin, a-BHC, 8-BHC, y-BHC, 6-BHC, p.p'-DDD,
0,p’-DDT, p,p"-DDT and p,p’-DDE were added to the matrix
of green tea (2 g/mL), and the concentration was adjusted
to 0.1, 0.2, 1.0, 2.0 and 5.0uxg/mL in each case. Each
pesticide in the matrix was measured by GC/MS,/MS-Scan
and GC/MS-Scan analysis.

GC/MS-SiM
Chiorpyrifos
(m/z 314) X
I
(m/z 15;1)0 p-BH B-BHC

NI
T

(m/z 263) in'memnn Endrin
Ald\r\ \ { , /
(m/z 237) 0.6-0DT, p.p*-DDT p,p'-/ooo
J ¥
\_._J!‘\-M-
(m/z 246)
p,p'-DDE
i e
A
10 20 30 40

Retention time {min)

Fig. 1.
MS-(SIM;}

Mass chromatograms of chlorpyrifos and 11 kinds of organochlorine pesticide standards by GC/MS/MS and GC/

The concentration of 2ach pesticide was 0.0 ¢g/mL, with the exception of endrin (0.02 g/mL). -
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Homogenized sample 20 g

—ethyl acetate 80 mL, 50 mL

‘+—annydrous sodium sulfate 50-100 g
homogenize for 3 min

filter through filter paper No. 5A

Filtrate '

evaporate

—acetone—n-hexane (2 : 8) 5 mL

separate the precipitation using a centrifuge

Supernatant

3 mL aliquot

load on SAX + PSA*

—elute with acetone—n-hexane {2 :8) 10 mL
—elute with acetonen-hexane (7:3) 10 mL
evaporate each fraction

r—acetone 3 mL

Test solution for GC (FPD, NPD, ECD) and GC/MS

Scheme 1-1.

fruits

* Bond Elut SAX and PSA. Product of Varian, 6 cc and
1 g, part number 1225-6061. Conditioned with ace-

tone—n-hexane (2 : 8) 5 mL prior to use.

Suggested analytical method for multi-

pesticide residue determination in vegetables and

Ground sampie 10 g
35 vol% water in acetonitrile 100 mL
homogenize for 3 min
filter through filter paper No. 54
wash the residue with acetonitrile 30 mL
Filtrate
I——NaCl 78
phosphate buffer (pH 7.0, 1 mol/L)*! 10 mL
shake and remove aqueous layer

Acetonitrile layer

evaporate

—ethyl acetate 30 mL

—anhydrous sodium sulfate

dissolve the residue using ultrasonic machine
filter through filter paper No. 5A

Filtrate

homogenize for 3 min

filter through filter paper No. 5A

Filtrate

evaporate

—acetonitrile 5 mL

—n-hexane 1.5 mL

shake and remove n-hexane layer
Acetonitrile layer

evaporate

r—acetone—n-hexane (2 : 8) 5mL

separate the precipitation using a centrifuge

Supernatant

4 mL aliquot

load on SAX + PSA*?

r—elute with acetone-n-hexane (2 : 8) 10 mL
lute with acetone-n-hexane (7 : 3) 10 mL
evaporate each fraction

—acetone 2 mL

Test solution for GC (FPD, NPD, ECD) and GC/MS

Scheme 1-2. Suggested analytical method for multi-
pesticide residues in grains

*1 Dissolve KoHPO, 105g and KH,PO4 61 g in water
and adjust the pH to 7 bv addition of 1 mol/I, HCI
and NaOH solution.

*2 Bond Elut SAX and PSA. Product of Varian, 6 cc and
1g. part number 1225-6061. Conditioned with ace-
tone—n-hexane (2 : 8) 5mL prior to use.
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